Background Cancer-patient navigators who are oncology nurses support and connect patients to resources throughout the cancer care trajectory, including end of life. Although qualitative and cohort studies of navigated patients have been reported, no population-based studies were found. The present population-based study compared demographic, disease, and outcome characteristics for decedents who had been diagnosed with cancer by whether they did or did not see a navigator.
INTRODUCTION
Patient navigation was introduced by Freeman and Rodriguez in New York in 1990 when Freeman noticed that poverty was associated with diminished access to health care, leading to worse cancer outcomes. Freeman and Rodriguez's goal was to eliminate barriers to care for patients with a low socioeconomic status from the time of suspicion of cancer to diagnosis 1 . In time, the scope of navigation expanded to include the entire cancer trajectory from "prevention, detection, diagnosis, treatment, and survivorship to the end of life" 1 . Cancer patients find it challenging to navigate through complex health care systems and are often lost at transitions 2 . Many lack information and access to support systems, resulting in frustration and powerlessness 3 .
Most of the research into cancer-patient navigation (hereinafter called simply navigation) over past decades has focused on screening and diagnosis 4, 5 , role clarity, improvement in quality of life, delivery of health and social services, and management of health needs 6, 7 . Few studies have focused on the last phase of life 5, 8 . A number of qualitative 7 and intervention or disease cohort studies, including randomized trials 8 , have been carried out, but we found no population-based studies that identify the individuals who are and are not using navigation. Furthermore, the need for navigation might be changing, given the accelerating discovery of innovative cancer treatments, the fact that more people are living longer with cancer 9 , the current focus on narrowing the gap between oncology and primary care 10, 11 , the aging of the population, and greater e185 Current Oncology, Vol. 25 interest in advance care planning and a palliative approach to care [12] [13] [14] . Population-based surveillance of people with life-limiting conditions can provide evidence that will help in critically appraising established navigation programs.
In Nova Scotia, cancer-patient navigation was implemented in the Western and Northern zones (Figure 1 ) between 2002 and 2009, and in all of the Eastern Zone by 2011. Nine community-based oncology-trained nurses provide support to patients and link them to cancer care and other professional services and volunteers, thus promoting coordination of, and access to, quality care. The resources are meant to meet physical, information, psychological, social, emotional, and practical patient needs at any time during their cancer journey from the diagnostic period to end of life 15 . They encompass three domains: patient education, psychosocial and practical support, and coordination of care. Navigation for adults was not available in the Central Zone for all cancer sites. For children and youth 0-18 years of age, family care coordinators at the children's hospital provided some navigation functions and referrals to navigators.
Although few studies of navigation in relation to palliative and end-of-life care have been reported 5, 8 , the population-based study design for investigating care for people at the end of life has been well established in Nova Scotia and elsewhere [16] [17] [18] [19] [20] [21] [22] [23] . Nova Scotia is therefore an ideal setting to investigate use of navigation by people with cancer who are in their last phase of life.
The objective of the present study was to answer this question: Of individuals diagnosed with cancer who died in Nova Scotia during 2011-2014, how do adult decedents who were navigation enrolees differ from those who were not?
METHODS
This population-based retrospective descriptive study used administrative data from the person-based cancer registry information system managed by the Cancer Care Program of the Nova Scotia Health Authority. For cancer patients diagnosed since the early 1970s in Nova Scotia, the system contains information that was recorded in the population-based Nova Scotia Cancer Registry, death certificate information, and navigation visits. Approval for the study was received from the Nova Scotia Health Authority Research Ethics Board.
Study Population
The study population consisted of all adults 19 years of age and older who were diagnosed with invasive cancer in Nova Scotia and who died during 2011-2014 in the Western and Northern zones or during 2013-2014 in the Eastern Zone according to Vital Statistics death records. Decedents who died of cancer and of non-cancer causes were included. Death certificate-only cases (that is, people with a date of diagnosis that was also their date of death, n = 257) were excluded, as were the cases of people with a non-melanoma skin cancer diagnosis only (n = 76), because registration of non-melanoma skin cancers is not population-based, and very few people die of those cancers. Because end of life was the study focus, all study decedents were followed back in time from their date of death for a minimum of 1 year.
Variables
The demographic characteristics of the study decedents (age at death, sex, year of death, zone of residence at death), the presence of a cancer cause of death (either a primary or a secondary cause), and hospital as the place of death were obtained from death records. The status of a study decedent as a navigation enrolee was obtained from navigation records. Time from the last navigation visit to death was calculated as the interval between the date of the last navigation visit and the date of death. Time from the last cancer diagnosis to death was calculated as the interval between the date of the last cancer diagnosis and the date of death.
Study decedents could have had more than one invasive cancer diagnosis. Because end of life was the focus of the study, the last (closest to death) diagnosis was used to group the decedents by cancer diagnosis and stage. Cancer diagnoses were grouped using the categories in Canadian Cancer Statistics 2017 9 , which uses the International Classification of Diseases for Oncology (3rd edition). For the present study, the focus was on the four most frequent diagnoses (breast, prostate, colorectal, and lung cancer) 9 ; two other diagnoses with high mortality rates (pancreatic and esophageal cancer) 9 ; a complex, high-needs diagnosis (head-and-neck cancer) 24 ; and hematologic cancers for which the time of death is more difficult to predict 25 . The TNM best-stage group classification of the last invasive diagnosis was used. The Collaborative Stage Data Collection System 26 was initiated in 2001 in Nova Scotia for colorectal cancer diagnoses and in 2003 for breast cancer diagnoses. Staging for the other cancer sites was introduced over time and has been available for all cancers since 2010. Whether the decedents had more than 1 invasive cancer diagnosis was obtained from the cancer registry.
Analysis
Microsoft Excel (Microsoft Corporation, Redmond WA, U.S.A.) was used to compute frequency counts and percentages for navigation use by enrolee characteristics, and medians and interquartile ranges (iqrs) for time periods. Those statistics were verified using the SAS statistical software application (SAS Institute, Cary, NC, U.S.A.). To protect the confidentiality of the study subjects, any variable with a count less than 5 is not reported. Chi-square calculations were carried out using the SAS statistical software application.
RESULTS
Of the 7694 study decedents, 32.9% were navigation enrolees (Table i) at some point in their cancer trajectory. Compared with those who did not die of cancer, those who died of cancer were more likely to have used navigation (40.0% vs. 11.9%). Most of the decedents died of cancer (5761, 74.9%), but a substantial number did not (1933, 25.1%). Figure 2 shows that those who died and did not die of cancer differed substantially in terms of the interval from their last navigation visit to death.
Demographic Characteristics
The use of navigation varied by decedent age whether the individual died of cancer or of non-cancer causes (Table ii). Among the individuals who died of cancer, those 40-54 years of age at death had the highest navigation use (66.0%), and those 90 years of age and older had the lowest use (11.2%). Among the individuals who died of non-cancer causes, those 55-69 years of age at death had the highest navigation rate (25.8%); that rate declined as age increased. Navigation rates did not meaningfully vary by sex or year of death. Navigation rates were lower for residents of the Eastern Zone (where navigation was most recently introduced) than for residents of the Western and Northern zones.
Disease Characteristics
Among study decedents who died of cancer, the highest navigation rates were seen for those having a last diagnosis of head-and-neck (62.8%), esophageal (53.3%), breast (50.7%), colorectal (44.8%), and lung (42.3%) cancer. The lowest navigation rate was seen for those with prostate cancer (28.1%). Among study decedents who died of non-cancer causes according to their death certificate, but whose last cancer diagnosis was one of the four most frequent cancer sites, patterns were similar: the highest navigation rates were seen for those having a last diagnosis of breast (19.3%) and colorectal (17.6%) cancer; the navigation rate was intermediate for lung cancer (10.3%) and lowest for prostate cancer (6.2%).
In general, the navigation rate increased with a more advanced-stage cancer at last diagnosis. Having had a prior cancer diagnosis did not make a significant difference for individuals who died of cancer. However, among individuals who died of non-cancer causes, the navigation rate for those with a prior cancer diagnosis was almost twice the rate for those who did not (20.1% vs. 10.5%).
Outcomes
For study decedents whose last cancer diagnosis occurred within their last year of life, navigation rates decreased as the interval from the last cancer diagnosis to death decreased. For both the cancer and the non-cancer decedents, higher navigation rates were associated with dying in hospital. Table iii shows that study decedents diagnosed with breast or prostate cancer had the longest interval from diagnosis to death, especially the subgroup who did not die of cancer.
Time from Last Diagnosis and Last Navigation to Death
In contrast, study decedents diagnosed with esophageal or pancreatic cancer had the shortest survival interval. Those patterns parallel the patterns reported in Canadian Cancer Statistics 2017 9 . The longest median intervals from last navigation to death were seen for individuals with breast or colorectal cancer; the shortest median intervals varied depending on whether the decedents died of cancer or non-cancer causes. Among individuals dying of cancer, those with a headand-neck cancer diagnosis had one of the shortest median intervals from last navigation visit to death (11 weeks; iqr: 4-38 weeks), similar to the intervals for individuals with a diagnosis of lung (10 weeks; iqr: 3-30 weeks), pancreatic (11 weeks; iqr: 4-26 weeks), or esophageal (14 weeks; iqr: 6-34 weeks) cancer.
DISCUSSION
Navigation was developed and promoted by Freeman and Rodriguez more than 25 years ago to help people affected by cancer who had worse health outcomes as a result of problems accessing needed information and services in a timely way 1 . However, the present work appears to be the first population-based study of the use of cancer-patient navigation and one of only a few studies 12 to describe the use of cancer-patient navigation for those approaching end of life.
Aging and Cancer Survivors with Non-Cancer Causes of Death
Canada's population is aging, and the need for greater advance care planning and palliative support is widely recognized 27 . It is therefore worthwhile to begin to examine the role of navigation for those dying of cancer and for cancer survivors who die of a non-cancer cause of death. Because navigation was originally developed for cancer patients, higher rates of navigation for those dying of cancer were not unexpected. However, our study shows that some people approaching death from a non-cancer cause were also navigation enrolees (Figure 2 ). It is possible that some might have been receiving cancer treatment, but that cancer was not a cause of their death. However, that finding is also consistent with the role of navigation in Nova Scotia, which is designed to be patient-centred. It also aligns with anecdotal reports by navigators that they provide patient-focused information and communication that at times is not cancer-related. Also, some underreporting of cancer as a cause of death is a possibility.
Freeman and Rodriguez advocated a holistic health care navigation approach, and so an assessment of whether non-cancer navigation needs, including advance care planning for palliative support, are being fully met could be timely. Such an assessment could also be important, because, as a result of increasing access to treatments that prolong life, the end-of-life cancer trajectory is beginning Because the last cancer diagnosis for 1574 decedents occurred before collaborative staging was introduced, those decedents were omitted. e "Occult" was grouped with stage 0 (in situ), because counts were less than 5. f "Unknown" is a consequence of insufficient information to stage the patient. g "Not available" means that the cancer could not be staged using TNM collaborative staging processes. Many hematologic cancers are included in this category.
h For 4332 decedents who received their diagnosis more than 52 weeks before death, we could not guarantee that all had access to navigation at the time of diagnosis, and so they were omitted. i The "hospital death" variable was not available for the 1489 individuals who died in 2011, and therefore those decedents were removed from the analysis. Dx = diagnosis; Dxd = diagnosed.
to show a pattern that resembles the pattern seen in people dying of organ failure and frailty 14 . As the population ages and cancer survivors live longer with cancer, non-cancer comorbidities will increasingly have to be considered.
The observation that navigation rates decline for individuals of older age requires examination. Part of the reason could be that as age increases, increases in non-cancer comorbidities might mean that options for aggressive oncology treatment decrease, with a corresponding decrease in the need for cancer-system navigation. However, elderly individuals living with cancer have needs that should be addressed 28 . Another reason could be that those at end of life are increasingly likely to be nursing home residents. In 2011, of Canadian seniors in their 90s, 43.5% lived in nursing homes or seniors' residences 29 . Nursing home residents in Nova Scotia were more likely to die out of hospital, less likely to receive palliative radiation or a medical oncology consultation, and less likely to be registered in a palliative care program 30 . Nursing home residency was not a variable available for inclusion in our study, and we lack a good understanding of the navigation needs of those residents.
Cancer Diagnoses
The navigation patterns observed by last cancer diagnosis are consistent with multiple known factors. Cancer decedents who had head-and-neck cancer as their last cancer diagnosis had the highest navigation rate (62.8%). The survival time for head-and-neck cancer is quite variable, depending on many factors, including cancer subtype 31 . Navigation is critically important to patients with headand-neck cancer, because their treatments are intense, and symptom management is often distributed between a wide range of service providers 24 . Furthermore, Halifax (which is in the Central Zone) is the major location for delivery and coordination of head-and-neck cancer treatment. A headand-neck cancer case manager typically links with the 9 community-based navigators to coordinate tertiary care and transitions home for head-and-neck cancer patients living in the three study zones.
The navigation rate for cancer decedents having hematologic cancer was relatively low (36.7%) during the study period. Recently, because hematologic oncology care is centralized, hematologic staff in the Central Zone were given education about cancer-patient navigation in the three study zones. We therefore expect that a future study will show an increased navigation rate.
The short interval from diagnosis and last navigation to death for decedents with esophageal cancer is consistent with the low 5-year survival rate (14%) in that malignancy 9 . Pancreatic cancer is also very aggressive, with a 5-year survival in the 15%-20% range even when resectable, and just 2% if metastases are present at diagnosis 9 . Decedents with pancreatic cancer also had a short interval from last navigation to death. However, among individuals dying of cancer, the navigation rate for those with pancreatic cancer was one of the lowest (36.4%), and the rate for those with esophageal cancer was one of the highest (53.3%). We speculate that differences in diagnostic pathways and management practices might explain the lower pancreatic cancer navigation rate. For instance, population-based data demonstrate that a substantial proportion of people with pancreatic cancer in Nova Scotia do not receive a medical oncology consultation 32 , which might delay-or even preclude-referral to a navigator.
Table iii shows that the three cancers with the longest intervals from diagnosis to death were breast, colorectal, and prostate cancer. However, navigation rates for decedents from those cancers varied, being relatively high (50.7%) for breast cancer decedents, lower (44.8%) for colorectal cancer decedents, and lowest of all (28.1%) for prostate cancer decedents. The navigation rates for the non-cancer decedents in the same groups followed a somewhat similar, but much lower-rate pattern: breast (19.3%), colorectal (17.6%), and prostate (6.2%). Various factors might help to explain those findings. On average, people diagnosed with breast cancer are much younger than those diagnosed with prostate cancer, and our findings also showed that navigation rates decline with increasing age. In Nova Scotia, urologists are typically the primary specialists caring for men with prostate cancer. They are usually surgeons located across the province. "Watch and wait" rather than active treatment is often advised. That approach contrasts with the approach to treatment for cancers in which medical or radiation oncologists are involved soon after a cancer diagnosis. Also, because urologists outside of the Central Zone care for people with malignant and nonmalignant disease, they have not functioned as part of the formal oncology specialty care program. They might therefore have less information about navigation. In their study of navigation, dela Rama and Pratz 33 stated that many centres with navigators designated for specific cancers did not have a navigator for prostate cancer even though navigation could benefit patients. That observation could be especially true in the future, given the increasing options for androgen depletion therapy 34 .
In contrast, the culture and context of breast cancer is markedly different, and the situation in colorectal cancer is intermediary. When Freeman started navigation, his focus was on breast cancer screening 35 , and since then, much navigation research has focused on breast cancer [36] [37] [38] . Also, for more than 25 years, breast cancer survivors have been empowered by strong advocacy voices; prostate cancer advocacy is much more recent and muted. Furthermore, the Central Zone has two coordinators for breast health; no parallel exists for colorectal or prostate cancer.
As expected, study decedents with stage iii and iv cancers had the highest navigation rates because of their prognosis and options for care. The low navigation rates for those with an unknown-stage cancer were also expected because those individuals typically lack sufficient diagnostic test results to determine cancer stage. Lack of staging information can be a result of various circumstances. One example is a nursing home resident with dementia whose diagnostic testing would be difficult to perform and would likely not change the decision to use comfort care in the presence of widespread metastases or life-limiting comorbidities such as congestive heart failure, advanced diabetes, compromised renal or liver function, and advancing chronic obstructive pulmonary disease. People with such comorbidities are less likely to be good candidates for surgery or chemotherapy. Those observations raise questions about the role of navigation for people with cancer who reside in nursing homes or who have multi-morbidity.
Another study finding that requires further investigation is the association between a prior cancer diagnosis and variations in the navigation rate by cause of death. A first step in a follow-up study would be to control for confounding, because navigation enrolee status and cause of death both vary by age and cancer diagnosis, especially in the breast and prostate cancer subgroups.
Outcomes
The lower navigation rates for those who die relatively soon after their cancer diagnosis might be an indicator of unmet needs that could have been addressed by expedited navigation. The rate of access to palliative care has been shown to be lower for people who die quickly after a cancer diagnosis 23 .
The finding that people dying in hospital have a higher navigation rate is not unexpected. In Nova Scotia, navigation staff are hospital-based. An individual's admittance as an inpatient might facilitate referrals and visits. Also, navigators identify and report problems in the system. When access to community-based care is inadequate, hospitalization rates are higher 39 . Furthermore, at the time of the present study, Nova Scotia had no community-based hospice beds-only palliative or other beds in hospitals or nursing homes for those whose needs were greater than home care was able to provide.
The results in Table iii are particularly informative, given that the goal of navigation is to ensure timely, upto-date, and coordinated patient-centred care, and that considerable unmet needs for advance care planning and palliative care at end of life are evident for those dying of advancing life-limiting non-cancer chronic diseases 13 . For people having one of the cancers associated with the longest survival times who die of non-cancer causes, the median interval from last navigation visit to death is about 4 years (breast cancer, 223 weeks; colorectal cancer, 203 weeks; prostate cancer, 195 weeks); for people having one of the cancers associated with the shorter survival times, the interval is less than 1 year (esophageal cancer, 41 weeks; pancreatic cancer, 29 weeks). Navigation by nurses 40 or volunteers 41, 42 might provide an ideal means to increase advance care planning for people dying of non-cancer conditions, especially those with advancing non-cancer diseases whose navigation rates are less than 20% (Table ii) .
Strengths, Limitations, and Recommendations
Nova Scotia led the way in introducing navigation in Canada 43, 44 . It has an electronic database of patient records that goes back to the initiation of navigation in its three zones and a provincial cancer registry containing all invasive cancer cases and deaths of people with cancer that goes back to the early 1970s.
The present study is the first to provide populationbased data about navigation use, and it helps fill the gap in studies about the role of navigation for cancer survivors approaching the end of life. However, with no studies for comparison, findings of the present study should not be generalized. On the other hand, our work establishes a method for future population-based navigation studies in other geographic locations.
The number of variables included in the study was limited. For example, only two outcome variables were considered. Those outcomes were selected because, in prior studies, a shorter interval from diagnosis to death [16] [17] [18] [19] 22, 23 and in-hospital death 18, 20, 21 were indicators of lower rates of access to out-of-hospital palliative support. Other outcome indicators of the quality of community-based palliative care at end of life are timely enrolment in specialized palliative care 16, 20, 23 , no or few days in hospital in the last month of life 18, 22 , and minimal use of the emergency department [18] [19] [20] [21] [22] . Receiving palliative radiation [16] [17] [18] [19] [20] 23 and home care [20] [21] [22] have also been used as indicators of quality end-of-life care. Access to, and continuity of, primary care, the use of medical oncology and chemotherapy [18] [19] [20] 22 , and being a nursing home resident 19, 23, 30 are also relevant. Socioeconomic and distance indicators of inequity should be investigated by linking the postal code of residence at death to census data 17, 19, 22, 23, 45 because a meta-analysis showed that the benefit from navigation is greatest for the most vulnerable individuals 46 .
When sufficient data from 2013 onward are available to increase the number of study subjects and the number with a cancer stage recorded, multivariate analyses should be conducted to control for confounding and to identify possible effect modifiers. In addition, outreach oncology clinics have been developed province-wide in recent years, and so the need for navigation could change over time. The present study provides baseline information that will be useful in the design of a next study.
CONCLUSIONS
This first population-based study of cancer-patient navigation compared navigation enrolees with non-enrolees at end of life. Age, cancer diagnosis and stage, death from cancer compared with non-cancer causes, and interval from diagnosis to death were associated with navigation use. However, whether those patterns are consistent with the need for navigation is unknown. Given that more people are living longer with cancer and that the population is aging, surveillance of who benefits from navigation services and who is using those services is warranted.
